海底観測による房総半島沖の地震学的構造に関する研究 by 伊藤 亜妃
A study on seismic structure off the Boso
Peninsula deduced from ocean-bottom
observations
著者 伊藤 亜妃
号 80
学位授与機関 Tohoku University
URL http://hdl.handle.net/10097/00122966
（別紙様式９）	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 【論文提出によるもの】 
 
論	 文	 内	 容	 要	 旨  
(NO．1) 
氏	 	 名 伊藤 亜妃 提出年 平成 29 年 
学位論文の 
題	 	 	 名 
A study on seismic structure off the Boso Peninsula deduced from 
ocean-bottom observations 
（海底観測による房総半島沖の地震学的構造に関する研究） 
 
 
論	 文	 目	 次 
Acknowledgements    i 
Abstract       iii 
Contents                                                                     v 
1 INTRODUCTION    1 
1-1 Tectonic Setting of the Boso Offshore Area    1 
1-2 Seismicity and Past Great Earthquake in the Boso Offshore Area     1 
1-3 Seismic Structure    3 
1-4 Slow Slip Events    5 
1-5 Objectives of the Work    6 
2 SEISMIC OBSERVATION and DATA    10 
2-1 Instruments   10 
2-1-1 JAMSTEC OBS   10 
2-1-2 ERI OBS   11 
2-1-3 Land-based Station   11 
2-2 Seismic Observation   11 
2-2-1 Observation by JAMSTEC   11 
2-2-2 Observation by ERI   12 
2-2-3 Land-based Station   12 
2-3 Internal Clock of OBS and Correction for Clock Drift   12 
2-4 Data   13 
3 DATA ANALYSISES   25 
3-1 Sedimentary Corrections for Ocean-Bottom Stations   25 
3-2  Initial Hypocenter Location   27 
3-3  Three-Dimensional Seismic Tomography   27 
3-3-1 The Double-difference Tomography Method   27 
3-3-2 Parameters in the Tomography   29 
3-3-3 Resolution Test   31 
3-4 Focal Mechanisms   32 
 
（別紙様式９）	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 【論文提出によるもの】 
 
(NO．２) 
4 RESULTS    54 
4-1 Hypocenters   54 
4-1-1 Initial Hypocenters   54 
4-1-2 Hypocenters from the Tomography   54 
4-2 Focal Mechanisms   55 
4-3 Three-Dimensional Velocity Structure   56 
4-3-1 North American Plate   57 
4-3-2 Pacific Plate   57 
4-3-3 Phillipine Sea Plate   58 
5 DISCUSSION   87 
5-1 Focal Mechanisms    87 
5-2 Upper Boundary of the Philippine Sea Plate   91 
5-3 Comparison with the Slow Slip Event off the Boso Peninsula   95 
5-4 Earthquake Occurrence off the Boso Peninsula   97 
6 CONCLUSIONS  118 
References   120 
 
（別紙様式９）	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 【論文提出によるもの】 
 
(NO．３) 
論	 文	 要	 旨 
The Boso offshore area, which is located in central Japan, is a forearc of the southern edge of the Japan Trench 
with a trench-trench-trench triple junction. Three tectonic plates, such as the North American plate, the Philippine 
Sea plate, and the Pacific plate are overlapped in the region. 
While seismic activities associated with subduction of the Pacific plate are relatively low in the Boso offshore 
region than those in the north of the region, the subduction of the Philippine Sea plate associates various seismic 
and geodetic activities such as great interplate earthquakes and slow slip events in the Boso offshore region. As 
the region is located less than 100 km away from the Tokyo metropolitan area, it is extremely important with 
respect to the risk assessment of earthquakes and tsunamis. Precise rendering of the plate boundaries, particularly 
at shallow depths, is crucial for assessing the seismic and tsunami hazards of large interplate earthquakes. Various 
models of the upper boundary of the Philippine Sea plate beneath the central Japan and the Boso Peninsula have 
been proposed using land-based data, while, the plate geometries in the offshore area have not been reliably 
defined probably because of low seismicity in the offshore area and scarce observation with ocean-bottom 
seismometers. 
The relation of the slow slip event, the subduction zone structure and the regular earthquakes is also important 
to understand the earthquake occurrence in the region. The slow slip area and the area of regular earthquakes are 
spatially separated beneath the Boso Peninsula. However, the segregation of the regular earthquakes and the slow 
slip event is not clear offshore, because of less accurate location of the regular earthquakes in the Boso offshore 
area. The subduction zone structure may be also related to the distribution of slow slip event. Previous studies in 
Tokai region and Cascadia subduction zone have proposed that occurrence of the slow slip events is related to the 
structure of the overriding plate. On the other hands, in the Boso offshore area, the relation of the slow slip events 
and subduction zone structure is unknown because detailed three-dimensional structure has not been investigated 
well. 
Main objectives of this study are divided into two. First, we delineate the upper boundary of the Philippine Sea 
plate because the possible location of future thrust earthquakes associated with subduction of the Philippine Sea 
plate is crucial to assess the strong ground motion and tsunami. Second, we examine the relationship of 
subduction zone structure, the regular earthquakes, and the past slow slip area to provide constraints on the 
structural control to the slow slip event and segregation of slow slip event and regular earthquakes. For these 
purpose, it is essential to accurately determine the structure of the crust and upper mantle beneath the region as 
well as hypocenter distributions and focal mechanisms of earthquakes. 
We conducted seafloor observations with ocean-bottom seismometers for one year from March 2012 off the 
Boso Peninsula. In addition to the data, we also analyzed seismic data from observation using ocean-bottom 
seismometers conducted by Earthquake Research Institute of the University of Tokyo to cover the northern part of 
the Boso offshore area, and land-based seismic stations to improve the spatial resolution of structure around the 
coastline of the Boso Peninsula. We obtained the three-dimensional P- and S- wave velocity structures and 
earthquake locations simultaneously by tomographic inversion using tomoDD program, and determined focal 
mechanisms of earthquakes based on P-wave polarity data using the FOCMEC software. 
The tomographic image shows that the mantle parts of the Pacific plate have high-velocity anomalies of  
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12–14% and 7–12% for P- and S-wave velocities, respectively, as compared with JMA2001 velocity model, 
which is the standard velocity model of the Japanese Islands. The mantle part of the Philippine Sea plate is also 
identified as high-velocity P-wave anomalies of 12–15%. In addition, the mantle part of the North American plate 
is imaged in the northern part of the studied region. Among determined focal mechanisms of earthquakes, 
numerous low-angle thrust-faulting earthquakes associated with the slab subduction are identified. 
We estimated the depths of the upper boundary of the Philippine Sea plate based on both of the velocity 
structure and locations of the low-angle thrust-faulting earthquakes associated with subduction of the Philippine 
Sea plate. The upper boundaries are 3–6 km shallower than those previously estimated from land-based data west 
from 141.3°E. The shallow plate boundary has the importance of disaster prevention viewpoints because the depth 
of the plate boundary could affect the height of tsunami. It is expected larger vertical deformation of the seafloor 
tends to occur by the thrust earthquakes associated to the Philippine Sea plate, comparing to the previously 
estimated plate boundary. 
We compared obtained subduction zone structure and hypocenter locations, and the area of previously reported 
slow slip events. Most of the low-angle thrust-faulting earthquakes identified in this study occurred out of the 
slow slip areas, which indicates that the slow slip area and the regular low-angle thrust earthquakes along the 
upper boundary of the Philippine Sea plate are spatially separated beneath the Boso offshore area. In addition, 
slow slip areas are located only at the plate boundary of a contact zone between the crust parts of the North 
American plate and the subducting Philippine Sea plate. The localization of the slow slip events at the crust-crust 
contact zone is first observed in the Boso offshore area. This could provide better understanding the earthquake 
occurrence along the upper boundary of the Philippine Sea plate. 
 
別 紙 
 
論文審査の結果の要旨 
 
 関東地方下では、フィリピンプレートが北米プレートと太平洋プレートの間に割り込むよ
うに沈み込んでおり、地下構造が複雑であるとともに活発な地震活動がみられる。その南東
側となる房総半島沖では、沈み込むフィリピン海プレートの上面沿いに 1923 年関東地震のよ
うな大地震とスロー地震が隣り合うように発生している。しかし、こうした多様な断層すべ
り現象がみられる本海域下でのプレート境界面の位置・形状やその周辺の地震波速度構造に
関する知見はごく限られている、プレート形状の不確定性は、首都圏に大きな影響を及ぼす
この海域で発生する大地震による強震動や津波の予測精度の向上を妨げている。また、スロ
ー地震の発生条件を解明する上で、その発生域である房総半島沖での海底下構造の理解は重
要である。こうした背景のもと、本研究は海底地震観測にもとづいて房総半島沖におけるフ
ィリピン海プレートの形状とその内部構造を詳細に明らかにしたものである。 
 海底地震観測で得られた地震波到達時刻データを用いた地震波トモグラフィ解析により、P
波・S 波速度の３次元構造と震源分布を同時に推定し、地震波速度分布から北米・太平洋・フ
ィリピン海プレートそれぞれの地殻・マントルの配置を、震源解析からプレート境界で発生
する低角逆断層型地震の震源分布を明らかにし、過去の人工地震探査の結果と総合すること
により、房総半島沖でのフィリピン海プレート上面深度分布の新たなモデルを構築した。 
 新たに得られたフィリピン海プレート上面深度は 1703 年元禄関東地震の震源域の東側から
スロー地震発生域に至る範囲で先行研究に比べて数 km 浅く、将来発生する大地震に伴う強震
動や津波の規模評価を上方修正する必要があることを示唆する。スロー地震発生域は、断層
上盤側のマントルによってその北側を限られること、下盤側のプレート上面が上に凸な形状
の範囲に対応すること、が明らかとなり、スロー地震の発生にこうした不均質構造や断層形
状が関与していることが示唆された。 
 本論文で示された研究成果は、地震・津波による被害予測に重要な知見をもたらすととも
に、地震科学の発展に寄与するもので、論文提出者が自立して研究活動を行うに必要な高度
の研究能力と学識を有することを示している。したがって、伊藤亜妃提出の博士論文は、博
士（理学）の学位論文として合格と認める。 
 
